Background-Although various studies have documented increased Life-Sustaining Treatments (LST) among racial minorities in medical patients, whether similar disparities exist in surgical patients is unknown.
Introduction
Surgical care among patients who die is receiving increasing attention because surgery contributes to high healthcare costs, 1 intensity of treatment, 2 and utilization of hospital services. 3 Higher technology treatment at the end of life is associated with worse quality of death [4] [5] [6] for decedents and poor health outcomes for bereaved family members. 7, 8 This is of particular concern among surgical patients because prior studies have shown that, even when patients request withdrawal of care, fewer than half of surgeons who routinely perform high risk surgery are willing to honor that request in the first weeks following elective surgery or after surgical complications. 9 Thus, better understanding factors that influence the intensity of treatment among patients who die after surgery is critical to improve healthcare quality and utilization, and improve the patient and family experience.
Prior studies have also shown that minorities receive higher intensity medical treatment when nearing the end of life than White patients. [10] [11] [12] [13] [14] Prevailing theories are that deeper mistrust in the healthcare system, worse access to care, religiosity, and poorer communication between clinicians and minority patients are contributing factors. However, much less attention has been paid to the treatments we provide minority surgical patients, and whether race predicts differential intensity in life-sustaining treatments (LST) after major elective surgery. Presumably, racial disparities in the intensity of LST might not exist after elective surgeries because surgeons might be reluctant to withdraw life sustaining treatments if unexpected and serious surgical complications were to occur.
In this study we used the Nationwide Inpatient Sample to examine whether race-based differences exist in the use of life-sustaining treatments (LST) among patients who died following a major elective operation. We studied elective colectomy due to the fact that it is a common procedure performed for a variety of conditions.
Materials and Methods

Data source
We analyzed data from the Nationwide Inpatient Sample (NIS) from the Healthcare Cost and Utilization Project (HCUP) of the Agency for Healthcare Research and Quality (AHRQ) from calendar years 2006 through 2011. The NIS is the largest national all-payer database which annually collects information on as many as 8 million inpatient discharges across approximately 1000 United States hospitals in 44 states. This data represents an approximate 20% stratified sample of nonfederal and non-rehabilitation hospitals in the United States.
Patients with missing income data (N=29; 1.5%) and missing race (N=364; 19.3%) were excluded. Because we were interested in treatment intensity in the context of death, we included only patients who died in-hospital to frame our analysis on a patient population with uniform outcome. 3 
Variables
The primary predictor variable in our study was patient race, which we recoded into White, Black, Hispanic, and Other. Other (as recoded) included NIS race variables originally coded as "Asian or Pacific Islander", "Native American", or "Other". Due to the survey sampling design of the NIS, discharge weights were used to derive national weighted estimates. Because race was a primary covariate of interest, we adjusted for missing values using reweighted estimating equations methodology (RWEE). 15 Logistic regression was used to calculate the probability of missing race by using non-missing patient characteristics. The inverse of this probability was then multiplied with the existing NIS discharge weights of non-missing observations. RWEE adjusted weights were then used in all subsequent multivariable regression models.
We included patient and hospital factors in our analysis including: age, gender, patient comorbidity, income (median by patient zip code), insurance type, length of stay, postoperative complications, hospital size, hospital region, and hospital teaching status. We assessed comorbidity burden for each patient using the Walraven comorbidity score, which is based on a multivariate model to predict in-patient death (where a score of 10 predicts approximately 6% in-hospital mortality and score of 15 predicts approximately 10% inhospital mortality). 16 Because postoperative complications are associated with the use of LST we also included the following major complications in our analysis: acute renal failure (ICD-9 584.5, 584.7, 584.8, 584.9), cerebrovascular accident (ICD-9 434*, 436*), acute myocardial infarction (ICD-9 410*), pulmonary embolism (ICD-9 415.1*), pneumonia (ICD-9 480*, 486*), and sepsis (sepsis, severe sepsis, septic shock; ICD-9 785.52, 995.5, 995.92).
Outcomes
Postoperative use of LST was our primary outcome. LST was defined as the presence of at least one of ten procedure codes indicating any of the following: cardiopulmonary resuscitation (CPR; ICD-9 99.60, 99.62-3), feeding gastrostomy tube placement (percutaneous endoscopic or open method; ICD-9 43.11 and 43.19), hemodialysis catheter placement (ICD-9 38.95), hemodialysis (ICD-9 39.95), mechanical ventilation (ICD-9 96.70-2), re-intubation (ICD-9 96.04), use of total parenteral nutrition (TPN; ICD-9 99.15), tracheostomy (ICD-9 31.1, 31.29), transfusion (ICD-9 99.0*), or use of vasopressors (ICD-9 00.17). 14, 17 We chose these specific interventions based on prior work, 14 and with input from our own multidisciplinary group of surgeons, surgical intensivists, and palliative care physicians.
Analysis
In univariate analysis we examined patient and hospital characteristics of decedents meeting our inclusion criteria and the use of LST by race. We used Rao-Scott chi-square tests using RWEE, clustering by hospital ID, and adjusting for NIS strata to compare differences in patient and hospital characteristics by patient race. We then used the same method to compare differences between patients who did and did not receive LST by race. Results are presented as means, standard deviations, and percentages where appropriate. In multivariate analysis we assessed the overall use of any LST and specific LST type by race using discharge weights adjusting for patient and hospital characteristics. Our multivariable logistic regression model included patient-and hospital-level factors including race, age, gender, insurance type, income, comorbidity, cancer diagnosis, hospital teaching status, bed size, and region as independent variables, and the use of any and individual LST modalities as dependent variables. We selected a p-value of < 0.05 to define statistical significance.
Because post-operative complications are associated with the use of LST we performed separate sensitivity analyses for the use of LST and those complications where there were significant differences by race. Also, recognizing that age could influence the use of LST, we performed separate sensitivity analysis for the use of LST using age as stratified variable (40-70 years; 71-80 years; 81-99 years). Results are reported as odds ratios and 95% confidence intervals.
This study was approved by the Partners Health Care Research Committee. The data analysis and output for this paper was generated using proc survey commands, SAS software, Version 9.2 of the SAS System for Windows, Copyright © 2008, SAS Institute Inc. SAS, Cary, NC, USA, to account for design effect, sample weights, and clustering of the complex NIS sample design.
Results
Patient and hospital characteristics
Of 128,142 total patients aged 40 and over who had an elective colectomy during the study period, 1,887 died, and 1,487 met our inclusion criteria (N=8,538 after weighting). (Table  1a ) While the mean age across groups was over 65, Black patients tended to be younger than other groups (mean 69.6 years, p=0.04). There were no statistically significant differences in Walraven Comorbidty Score (p=0.13) or the proportion of patients who had cancer between groups (p=0.10). Whites had higher incomes, with 36.7% in the highest income quartile compared to 22% of Blacks, 4.8% of Hispanics, and 25.9% of other race (p=<0.001). Although occurrence of acute renal failure differed significantly by race (Hispanic 70.6%, White 53.6%, Other 47.4%, and Black 35.2%, p=0.02), no difference was observed for other complications including: pneumonia, pulmonary embolism, acute MI, stroke, and sepsis.
Although most patients were treated at large hospitals, Whites were more likely than others to receive treatment at small hospitals (16.1% of White patients, 2.2% of Black patients, 2.5% of Other patients, and 1.3 % of Hispanic patients, p=0.02). Regional differences were statistically significant (p=0.03).
In unadjusted analysis comparing decedents who did and did not receive LST, race was the only patient characteristic that was significantly different between groups (Table 1b) .
Use of LST by Race
In univariate analysis examining the use of individual types of LST by patient race, we found no significant differences in the use of any LST except CPR and re-intubation (Table  2) . However, we observed that all non-White patients (i.e, Black, Hispanic, and Other) were significantly more likely to have undergone CPR or been re-intubated. Deceased Black patients were most likely to have received CPR (35.9%), followed by Hispanic (29.0%), Other (24.5%), and White (11.7%) patients (Overall: 14.8%, p=0.002). Moreover, deceased Hispanic patients were most likely to have been re-intubated (75.0%) followed by Other (69.0%), Black (52.3%), and White (45.2%) patients (Overall: 47.7%, p=0.01).
In multivariate analysis, decedent Black (OR 3.67, 95% CI 1.50-4.14, p=0.01) and Hispanic patients (OR 4.21, 95% CI 1.14-15.56, p=0.03) had significantly increased odds of receiving CPR as compared to White patients. Additionally, decedent Hispanic patients also had significantly increased odds of having been re-intubated (OR 4.24, 95% CI 1.39-12.92, p =0.01).
Because post-operative complications are associated with the use of LST and the occurrence of acute renal failure (ARF) differed significantly among races, we performed separate sensitivity analyses for the use of CPR and re-intubation by race and ARF that demonstrated non-Whites were still more likely to have received CPR and re-intubation. 
Discussion
Our findings add to the evidence base that racial disparities exist in the use of LST in surgical as well as medical patients. Even after adjustment for age, comorbidities, complications, and other demographic factors, race-based differences exist in the use of certain LST in patients who die following a major elective operation. Specifically, we found that Black and Hispanic decedents were substantially more likely to have undergone CPR, and that Hispanic decedents were more likely to have been re-intubated than White patients who died. CPR and re-intubation are fundamentally different than the other LSTs we studied because they are typical in "code" scenarios for cardiopulmonary failure. Thus, while there appeared to be no significant racial differences in the use of other treatments, our findings may suggest meaningful race-based differences in "do-not-resuscitate" and "do-notintubate" orders in surgical patients. These findings further extend our knowledge of the extent racial disparities play in treatment at the end of life and challenge surgical clinicians to identify underlying etiologies so that they can be appropriately addressed.
There are several surgeon-specific behaviors that may contribute to the race-based differences in treatment that we observed. Prior evidence demonstrates that surgeons are reluctant to withdraw life sustaining treatments when life-threatening complications follow elective procedures. 9 Moreover, "Surgical buy-in," or the implied agreement between surgeons and patients that patients will endure potentially burdensome postoperative treatments necessary to achieve the best surgical outcome, may lead to a bias on the part of some surgeons to continue maximal life-sustaining measures even when the chances of success are low and even when this is contrary to the patient preferences. 18 Feelings of shame, grief, and personal responsibility after complications can contribute to avoidant behavior on the part of surgeons who have difficulty transitioning to a comfort-oriented approach. 19, 20 However, in order for these explanations to account for the differences we observed, surgeons' treatment and communication practices would need to vary by patient race. Although this is possible, we were not able to detect such differences using our data set and these questions may be valuable future inquiries.
From the patient's perspective, mistrust of the healthcare system 21 , cultural beliefs that reject comfort-oriented approaches, 22 non-English language, 23 and lower acculturation, 24 contribute to preferences for more medically intensive treatments at the end of life. Familycentered decision-making among some ethnic groups may limit the use of advance directives. 25 Still, others have reported that health literacy, not race, is predictive of patient preferences in end-of-life care. 26 Patients who have lower levels of education, or do not have English as their first language, are less likely to engage in preoperative advance care planning. 27 Whether individually or in combination, these issues are likely contributors to the racial disparities in end-of-life care we observed.
Our analysis suggests that race is a key contributor to high rates of health care utilization associated with surgical care near the end of life, and that racial disparities may expose nonWhites to worse death experiences as a consequence. Potential interventions could include cultural competency training for surgical clinicians who care for patients with advanced illness, and initiatives to engage minority patients in preoperative advance care planning.
Our work has several limitations. First, our analysis and results are based on data collected in the NIS administrative database and is therefore dependent on the completeness and accuracy of data recording. Given the large variability in coding across hospitals, and different incentives that exist for non-uniform coding practices, these results may not be generalizable to all inpatient care delivery systems. 28, 29 Second, because we limited our study population to patients 40 years of age and over these findings may not apply to younger patients. Third, the quality of the "follow-back" study design (study of patients carried out after death) has been criticized for not being able to fully capture patient risk factors or preferences. 30 For example, NIS does not have data on the availability of advanced directives. However, it is unlikely that these potential sources of confounding would result in the magnitude of differences we observed. Clinicians have difficulty predicting which patients are dying, and the frequency and distribution of LST among patients who survive may be quite different. We attempted to overcome this limitation in our analysis by adjusting for comorbidities and surgical complications. However, using administrative data we cannot exclude the possibility that some conditions coded as comorbidities could be a consequence of the surgical procedure. Thus, the data we present can only be offered as a surrogate to understand what really happens at the bedside. Patient and hospital characteristics by patient race. Am J Surg. Author manuscript; available in PMC 2016 July 01.
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Frequency of life-sustaining therapies used in each race by procedure type, and the univariate analysis between race and life-sustaining therapies (chi-square/fisher's exact test). N = NIS-weighted number of patients; CPR = cardiopulmonary resuscitation; HD catheter = hemodialysis catheter; Mech. Vent = mechanical ventilation; TPN = total paraenteral nutrition.
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Table 3
Adjusted odds of life-sustaining therapy by decedent race. 
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Multivariate model with independent variables including patient level factors-race, age, gender, insurance, income, comorbidities and hospital level factors-teaching status, bedsize, and region. Dependent variables are life-sustaining therapies. OR = odds ratio; CPR = cardiopulmonary resuscitation; HD catheter = hemodialysis catheter; Mech. Vent = mechanical ventilation; TPN = total paraenteral nutrition.
